, and Lieder (1983) interprets a series of morphologically intermediate individuals as arising via interspecific hybridization between D. galeata and D. cucullata. In a study of 16 lakes in northern FRG and 2 lakes in southern FRG, we identified typical forms of these three species, and also individuals which express intermediate phenotypes (Fig. 1) . Using allozyme electrophoresis, we determined the genetic composition of typical as well as intermediate forms to test the hypothesis of interspecific hybridization with genetic evidence.
Summary. In the glacial lakes of the Palaearctic three species of Cladocera commonly coexist: Daphnia hyalina, D. galeata, and D. cucutlata. Frequently these populations contain not only animals which are morphologically typical for the species but also individuals of an intermediate phenotype. Electrophoretic investigations of allozyme-patterns in morphologically typical individuals reveal that each species is fixed for a different allele at the GOT locus. Morphologically intermediate animals are heterozygous for the alleles of the two species which they resemble. The alMic pattern at other loci is also consistent with the assumption that morphological intermediates are formed via interspecific hybridization. Very few backcrosses between galeatahyalina hybrids and their parent species are found, and there is no indication of gene flow between D. cueullata and the other species.
Three Daphnia species commonly coexist in the glacial lakes of the Palaearctic: D. hyalina Leydig, D. galeata Sars and D. cucullata Sars. Taxonomic works place D. hyalina and D. galeata in close phylogenetic relationship, with D. cucullata somewhat more distantly related to these species. Hybridization between D. galeata and D. hyalina has long been suspected (Einsle 1966 (Einsle , 1983 F16Bner 1972) , and Lieder (1983) interprets a series of morphologically intermediate individuals as arising via interspecific hybridization between D. galeata and D. cucullata. In a study of 16 lakes in northern FRG and 2 lakes in southern FRG, we identified typical forms of these three species, and also individuals which express intermediate phenotypes (Fig. 1) . Using allozyme electrophoresis, we determined the genetic composition of typical as well as intermediate forms to test the hypothesis of interspecific hybridization with genetic evidence.
Inter-specific hybridization, while common among plants, is rare in the animal kingdom (Mayr 1963) . Individuals intermediate in phenotype between two sympatric species are commonly attributed to inter-specific hybridization (Mayr 1963; Ford 1975) . Such phenotypic intermediates present taxonomic difficulties which obscure phylogenetic and ecological relationships. Populations of the small (1-3 mm) crustacean cladoceran Daphnia often contain individuals intermediate in phenotype between the typical forms of coexisting species (Brooks 1957a, b; Einsle 1966 Einsle , 1983 F1613ner 1972 Hebert 1978; Lieder 1983) , at times resembling hybrid swarms in which most individuals are phenotypic intermediates (Brooks 1957 a) . In addition, sympatric populations of different species tend to resemble each other more than allopatric populations of one species (Brooks 1957b) . Although several authors have suggested a link between the observed patterns of phenotypic variability and inter-specific hybridization (Brooks 1957 b; F16Bner 1972; Lieder 1983; Hebert 1984) , this hypothesis has been tested with genetic evidence only for two pond-dwelling Australian species, D. carinata and D. cephalata (Hebert 1985) , but no genetic information is available for large-lake species. 
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Material and methods
Sampling
Animals were collected by oblique tows with a 250 gm mesh plankton net from 16 lakes in northern FRG (within a 30 km radius of P16n, Holstein) and 2 lakes in southern FRG [Bodensee (Lake Constance) and Schluchsee (Black Forest)]. Care was taken to sample animals from all depths in order to get a random sample and avoid possible complications due to different vertical migration patterns of different types. The animals were transported alive to the laboratory and scored for phenotype. Then these animals were placed individually in 20 gl of the appropriate electrophoresis buffer and frozen at -18 ~ C. Electrophoresis was carried out within two weeks after collection.
Electrophoresis
Vertical discontinuous polyacrylamide gels were used for the determination of glutamate-oxaloacetate-dehydrogenase (GOT) genotypes. The concentration gel consisted of 3% acrylamide in 0.05 M Tris-phosphoric acid buffer (pH 6.7), the separation gel of 7.7% acrylamide in 0.38 M Tris-HCl+20% sucrose (pH8.9). The upper electrode buffer consisted of 0.04 M Tris-glycine (pH 8.9), the lower electrode buffer of 0.12 M Tris-HC1 (pH 8.08). Individual Daphnia were homogenized in 20 gl of concentration-gel buffer+ 10% sucrose+bromphenol blue and loaded onto the gel. Separation was carried out at 6 W until the brom-phenol blue migrated into the separation gel and then continued at 12W for a total separation time of 3.5 h. Gels were then removed from the apparatus and stained in the dark for 1 h in: 3.56 g NazHPO,, 265 mg aspartic acid, 74 mg 0~-ketoglutarate, 100 mg EDTA, 20 mg pyridoxal phosphate, 500 mg polyvinylpyrrolidone, and 250 mg Fast Blue BB, per 100 ml water. Horizontal starch gel electrophoresis was used for the determination of allelic patterns at phosphoglucose isomerase (PGI), phosphoglucomutase (PGM), malate dehydrogenase (MDH), aldehyde oxidase (AO), and partly for GOT. Electrophoretic procedures and staining recipes for PGI, PGM, MDH, and AO are those given in Mort and Wolf (1985) and are similar to those given in Wolf (1982) .
Results
Distribution of phenotypes
In most of the 16 lakes studied we found typical forms as well as morphological intermediates, which exhibit characteristics of two of the typical forms. Figure 1 shows the general shape of the head of each form plus the insertion site of the first antennae, which is the most useful single character for distinguishing between the different forms (FlSgner 1972, Hrbfi~ek unpublished) . In a given lake, both typical and intermediate forms can be collected simultaneously, confirming their sympatric distribution.
Enzyme patterns
Genotypes are represented by symbols indicating relative migration rates of gene products as follows: s-, slowest, s, slow, m, medium, f, fast, f+, very fast, and f+ +, fastest. At GOT, six banding patterns were found: 3 single-banded patterns, ss, ff, and s-s-, interpreted to represent homozygotes, and 3 triple-banded patterns, sf, s-f, s-s, interpreted to represent heterozygotes (GOT is a dimeric enzyme). At PGI, ten banding patterns were found, four single-banded patterns (homozygotes) and six triple-banded patterns (heterozygotes). The alleles were designated s-, s, m, and f, respectively. At PGM 15 banding patterns with five alleles (s, m, f, f+, and f+ +) were found, five single banded homozygotes and ten double-banded heterozygotes (PGM is a monomeric enzyme). At MDH six different banding patterns with 3 alleles (s, f, and f+) were found, three singlebanded homozygotes and three triple-banded heterozygotes. At AO three banding patterns with 2 alleles (s and f) were found, two single-banded homozygotes and one triple banded heterozygote. Thus, at all loci, all possible combinations of alleles were observed. The genetic basis of the enzyme phenotypes is inferred from previous studies (Hebert and Ward 1972) and from the stability of patterns in laboratory clones.
Associations between morphology and allozymes
When individuals are scored for phenotype (Fig. 1) The distribution of alleles at loci other than GOT supports a model of separate gene pools for the typical phenotypes (Table 2 ). For example, at PGI the s-and s alleles are found only in D. cucullata, at PGM the f+ + allele is found only in D. hyalina. At AO the s-allele is typical for D. hyalina, whereas the f-allele is found in D. galeata and D. cucullata. On the other hand, some alleles are never found in typical animals of a given species, e.g. at MDH the s-allele is never found in D. hyalina, and in D. galeata the f+-allele is never found.
The morphologically intermediate animals exhibit the expected allelic combinations not only at the GOT locus, but at all other loci; thus intermediates between D. hyalina and D. galeata are not only heterozygous sf at GOT but also heterozygous sf at AO. Whenever in a given animal an allele is encountered which is found in only one typical form but not in other morphologically typical forms, this animal also carries the GOT-allele of this typical form. Thus, PGI s and s-are always accompanied by GOT s-.
Given the relationship between GOT genotype and Daphnia phenotype, the proportions of a Daphnia assemblage belonging to parental and hybrid classes can be electrophoretically determined. The GOT genotype distributions show that, at a given time of the year, lakes differ with respect to frequencies of parental and hybrid classes (Table 3) . During late summer, certain lakes lack hybrids (e.g. Tresdorfer See) while others (e.g. HSftsee) appear to be dominated by hybrids or contain hybrids for which one of the parental classes is rare or missing (e.g. Grol3er PI6ner See).
Comparison of the genotypes represented in Tables 1  and 3 illustrates seasonal, within-lake shifts in composition of the Daphnia assemblages. For example, in a late-April sample from the Sch6hsee (Table 1) , D. cucullata was wellrepresented, but was absent in a mid-August sample (Table 3). Similarly, hyalina-galeata hybrids were not found in a May sample from the Belauer See (Table 1) but were common in a mid-August sample (Table 3) . In most lakes, the parental species associated with given hybrid classes have been found at some point during the growing season. Seasonal succession of species has been previously docu- Grand Total 1097
mented; the present study provides evidence for seasonal succession of parent species and hybrids.
Discussion
The observed genotypic pattern, especially the clear association of specific GOT genotypes with all six phenotypes, suggests the formation of intermediate phenotypes via interspecific hybridization. Successfull laboratory mating has been observed between D. hyalina and D. galeata; the descendants of such crosses show the expected enzyme patterns, confirming the possibility of hybridization between these species. Until now it was not possible to induce mating in D. cueullata in the laboratory. The exceptions to the pattern (Table 1) can be attributed to phenotypic plasticity (Hutchinson 1967) or back-crossing which may be common in some lakes. For D. hyalina, D. galeata and their hybrids, allozyme analyses at several loci simultaneously (Table 2) can reveal genotypes which could be either a product of back-crossing or evidence of F2 hybrids, e.g. animals showing the sf genotype at AO and ff at GOT. Such genotypes are rare or absent in most lakes, although in two lakes (Kellersee, Stolper See) they have been found at a frequency of up to 9%, suggesting variation in sexual fertility of hybrids or variable fitness of back-crossed or F2 progeny. No indication for backcrossing or formation of Fz hybrids has been observed for hybrids involving D. cucullata, thus confirming that D. hyalina and D. galeata are more closely related to each other than to D. cucullata. The rarity of hyalina-cucullata heterozygotes suggests infrequent hybridization between these two species or low fitness of the resulting hybrids. This is in agreement with Hebert's (1985) findings for D. cephatata and D. earinata, who found no evidence for F 2 hybrids or backcrosses in natural populations but was able to induce sexual reproduction in a clone of hybrids thus producing F2 hybrid progeny. Thus, sexual reproduction of hybrids seems to be rare in natural populations, but may occur occasionally.
Between-lake variability of inter-specific hybridization, and within-lake succession of parent species and hybrids, can be used to generate testable hypotheses about ecological relationships between species, and differential responses to selection. For example, mating periods within a species may differ among lakes; genetic isolation between species may then be created by non-overlapping mating periods instead of mating incompatibility. Since slight differences in morphology can affect response to selection pressures (see Kerfoot 1980 for discussions of this topic), the fitness of hybrids may vary as selective regimes, e.g. predation pressure, vary among habitats. The absence or rarity of parental classes may indicate selection for hybrids in a given habitat. The Daphnia species treated here are, as are most Daphnia species (Hebert 1978) cyclical parthenogens. The apomictic parthenogenesis of Cladocera could allow a hybrid clone to persist indefinitely; the usual costs of hybridization, meiotic incompatibility and hybrid sterility, are avoided if mating is avoided. Hybrid clones may contribute considerable genetic and phenotypic variation to a Daphnia assemblage; especially in large, permanent lakes where high population density can be maintained, large numbers of hybrid clones can be expected (Hebert 1984 (Hebert , 1985 . Using electrophoretic markers, the amount of genetic variability contributed by hybrid clones, as well as hybrid fertility and genetic distance from parental species, can be measured. Since parental classes can now be clearly identified, formal genetic analysis may be used to examine in more detail the genetic control of phenotype. 
